Free radical-initiated oxidant injury and lipid peroxidation have been implicated in a number of neural disorders. Docosahexaenoic acid is the most abundant unsaturated fatty acid in the central nervous system. We have previously shown that this 22-carbon fatty acid can yield, upon oxidation, isoprostane-like compounds termed neuroprostanes, with E/D-type prostane rings (E 4 /D 4 -neuroprostanes). Eicosanoids with E/D-type prostane rings are unstable and dehydrate to cyclopentenone-containing compounds possessing Atype and J-type prostane rings, respectively. We thus explored whether cyclopentenone neuroprostanes (A 4 /J 4 -neuroprostanes) are formed from the dehydration of E 4 /D 4 -neuroprostanes. Indeed, oxidation of docosahexaenoic acid in vitro increased levels of putative A 4 /J 4 -neuroprostanes 64-fold from 88 ± 43 ng/mg of docosahexaenoic acid to 5463 ± 2579 ng/mg of docosahexaenoic acid. Chemical approaches and liquid chromatography/electrospray ionization tandem mass spectrometry definitively identified them as A 4 /J 4 -neuroprostanes. We subsequently showed these compounds are formed in significant amounts from a biological source, rat brain synaptosomes. A 4 /J 4 -neuroprostanes increased 13-fold, from a basal level of 89 ± 72 ng/mg protein to 1187 ±217 ng/mg (n=4), upon oxidation. We also detected these compounds in very large amounts in fresh brain tissue from rats at levels of 97 ± 25 ng/g brain tissue (n=3) and from humans at levels of 98 ± 26 ng/g brain tissue (n=5), quantities that are nearly an order of magnitude higher than other classes of neuroprostanes. Owing to the fact that A 4 /J 4 -neuroprostanes contain highly reactive cyclopentenone ring structures, it would be predicted that they readily undergo Michael addition with glutathione and adduct covalently to proteins. Indeed, incubation of A 4 /J 4 -neuroprostanes in vitro with excess by guest on http://www.jbc.org/ Downloaded from 3 glutathione resulted in the formation of large amounts of adducts. Thus, these studies have identified novel, highly reactive A/J-ring isoprostane-like compounds that are derived from docosahexaenoic acid in vivo. The fact they are readily detectable in large quantities and are highly reactive provides a basis for exploring the role of these compounds in the pathogenesis of neurological disease associated with oxidant brain injury. 1 Abbreviations used: DHA, docosahexaenoic acid; IsoP, isoprostane; NP, neuroprostane; PG, prostaglandin; GSH, glutathione; AAPH, 2,2'-azobis(2-amidinopropane) hydrochloride; PFB, pentafluorobenzyl; GC, gas chromatography; NICI, negative ion chemical ionization; MS, mass spectrometry; TLC, thin layer chromatography; HPLC, high performance liquid chromatography; LC, liquid chromatography; ESI, electrospray ionization; CID, collision-induced dissocation; TMS, trimethylsilyl; MTBE, methyl tbutyl ether; BSTFA, N,O-Bis(trimethylsilyl)-trifluoracetamide. DHA is believed to be important for brain development (3), and its deficiency is associated with abnormalities in brain function (4). Oxidation of DHA has been an area of intense research interest since lipid peroxidation has been implicated in the pathogenesis of various central nervous system diseases, among them neurodegenerative disorders including Alzheimer's disease (3, (5) (6) (7) (8) 9 ).
1 is estimated to account for approximately 30% of the total fatty acids in brain tissue aminophospholipids (1, 2) .
DHA is believed to be important for brain development (3) , and its deficiency is associated with abnormalities in brain function (4) . Oxidation of DHA has been an area of intense research interest since lipid peroxidation has been implicated in the pathogenesis of various central nervous system diseases, among them neurodegenerative disorders including Alzheimer's disease (3, (5) (6) (7) (8) 9) .
We have previously reported that DHA is readily oxidized to generate 22-carbon isoprostane (IsoP)-like compounds, termed neuroprostanes (NPs) (3, 10) . The formation of NPs from DHA is similar to the formation of IsoPs from arachidonic acid, and proceeds via the generation of highly unstable endoperoxide intermediates (3, 10) . These intermediates can undergo reduction in vitro and in vivo to form NPs containing F-type prostane rings (F 4 -NPs) or can isomerize to molecules with E-type and D-type prostane rings (E 4 /D 4 -NPs). Levels of these compounds are significantly increased in the temporal and parietal cortices obtained from patients with Alzheimer's disease compared to control subjects (11) . DHA is concentrated in neurons and we have thus suggested that NP formation may be a useful marker of selective neuronal oxidative injury.
It is well known that eicosanoids containing E-type and D-type prostane rings are unstable and readily dehydrate in aqueous solutions to cyclopentenone-containing compounds (12 A-and J-series have been shown to inhibit proliferation with a G 1 cell cycle arrest and to induce differentiation (13) (14) (15) . The concentrations of compounds required for this activity are frequently in the micromolar range or above. On the other hand, at concentrations in the nanomolar range, A-and J-series PGs induce proliferation (16) (17) (18) .
One limitation of the studies reported to date with cyclopentenone PGs is that there is marked paucity of evidence that they are formed in vivo (19, 20) .
Previously, we reported that analogous to the formation of A-ring and J-ring PGs from the dehydration of cyclooxygenase-generated PGE 2 and PGD 2 , A 2 /J 2 -IsoPs are generated in vitro and in vivo from IsoPs containing E-type and D-type prostane rings (E 2 /D 2 -IsoPs) (21) . The biological relevance of this observation relates to the fact that A 2 /J 2 -IsoPs contain α,β−unsaturated carbonyl moieties and are thus highly reactive and readily adduct, via Michael addition, glutathione (GSH) and protein thiols. Indeed, we have shown that in the presence of GSH and cellular GSH transferase, the A-ring IsoP 15-A 2t -IsoP (8-iso-PGA 2 ) rapidly conjugates GSH (21) . The adduction of relevant reducing substances and proteins by endogenously generated IsoPs may be responsible for some of the adverse effects of oxidant stress in vivo.
Analogous to the formation of A 2 /J 2 -IsoPs from the dehydration of E 2 /D 2 -IsoPs, it would be postulated that E 4 /D 4 -NPs can undergo dehydration resulting in the generation of cyclopentenone NPs, termed A 4 /J 4 -NPs. The mechanism of formation of A 4 /J 4 -NPs from DHA is shown in Figure 1A -C. Initially, five DHA radicals are generated, and following the addition of molecular oxygen, eight peroxyl radicals result. Subsequently, the peroxyl radicals undergo endocyclization followed by addition of molecular oxygen In some experiments, compounds were exposed to catalytic hydrogenation after conversion to piperidyl-enol-TMS ether derivatives as described (24) .
Purification of A 4 /J 4 -NPs by High-Performance Liquid Chromatography (HPLC) and

Analysis by Liquid Chromatography (LC)/Electrospray Ionization (ESI)/MS-
Compounds generated by in vitro oxidation of DHA were purified by normal phase HPLC using a 25 cm x 4.6 mm Econosil SI column with 5µm particles employing an isocratic solvent system of hexane/isopropanol/acetic acid (97: Figure 4C 
RESULTS
Formation of A 4 /J 4 -NP in vitro-
DISCUSSION
These studies report the identification of a novel class of cyclopentenone eicosanoids, A 4 /J 4 -NPs, formed in vivo from the free radical-initiated peroxidation of DHA. DHA is a major unsaturated fatty acid in neural tissues. Oxidative damage to neuronal structures such as DHA-rich cellular membranes has been i mplicated in a number of neurodegenerative diseases (3, (5) (6) (7) (8) 9) . Nonetheless, the identification, at a molecular level, of products that are formed from the oxidation of DHA has been largely lacking.
This provided the impetus for the studies reported herein.
The mechanism of formation of A 4 /J 4 -NPs from DHA is outlined in Figure 1 
